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(57) Abstract 

PROBLEM TO BE SOLVED: To artlfidally express 
gradation of input data, and obtain high brightness by 
generating display data on which the bit number is fewer 
than the input data by performing error diffusing 
processing on the input data. . 

SOLUTION: An input image signal is converted into a 
digital image data by an A/D converter 1. The digital 
image data is 8-bit data capable of expressing 256 
gradations. This 8-bit digital Image data is sent to an 
error diffusing processing part 2. This error diffusing 
processing part 2 obtains 3-bit display data which Is 
output data capable of artlficlaliy expressing gradation 
of input data by an error diffusing method and on which 
the bit number is fewer than 8-bft Input data. In this 
way, since the 3-bit display data can be obtained from 
the 8-bit data by error diffusing processing, 256 
gradations are artificially expressed by this 3 bit 
display data. Therefore, gradation of input data can be 
artificially expressed, and high brightness can also be 
obtained. 
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TT-anfilation of JP09-222873 . A , 

(54) [Title of the Invention] Display Device Driving Control 
Method 
5 (57) [Abstract] 

[Object] An object of the invention is to provide a display device 
driving control method which can represent the gray levels of 
input data in a pseudo manner and which can provide high 
luminance . 

10 [ Solving Means ] In a driving control method for a display device , 
such as a plasma display, which can display only light -emitting 
and non- light -emitting states and which is driven with one field 
divided into a plurality of sub- fields having different sustain 
times, the input data is error-diffusion-processed to generate 

15 display data capable of representing the gray level of the input 
data in a pseudo manner and having a smaller number of bits than 
the input data, and the display data is supplied to the display 
device, whereby the number of sub-fields in one field can be 
reduced when the display device is driven. 
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[Scope of Claims for Patent] 

[Claim 1] In a driving control method for a display device which 
can only display light -emitting and non-light-emitting states 
and which is driven with one field divided into a plurality of 
5 sub-fields having different sustain times, 

a display device driving control method characterized by 
error-diffusion-processing input data to generate display data 
having a smaller number of bits than the input data and capable 
of representing the gray level of the input data in a pseudo manner , 

10 and supplying the display data to the display device, whereby 
the number of "sub -fields in one field can be reduced when the 
. display device is driven. 

[Claim 2] The display device driving control method according 
to claim 1, wherein the error diffusion processing comprises: 

15 a first step of adding, to input data for a target pixel 

to be processed, in-frame error data from a next pixel on the 
left side of the target pixel; 

a second step of dividing the added result obtained in 
the first step into in-frame error data which is formed of a 

20 certain number of low- order bits of the added result and which 
is allotted to a next pixel on the right side of the target pixel, 
and inter-frame process data which is formed of a certain number 
of high-order bits thereof; 

a third step of adding, to the inter-frame process data, 

25 inter-frame error data from a pixel in the previous f reime that 



is located at the same coordinates as the target pixel; and a 
fourth step of dividing the added result obtained in the third 
step into display data formed of a certain number of high- order 
bits and inter- frame error data which is formed of a certain 
5 number of low-order bit(s) and which is allotted to a pixel in 
the next frame at the same coordinates as the target pixel. 
[Claim 3] The display device driving control method according 
to any of claims 1 and 2 , characterized in that the display device 
is a plasma display device. 
10 [Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a 
driving control method for a display device such as a plasma 
display which can display only light -emitting and non -light - 
15 emitting states and in which the gray level is controlled on the 
basis of the light -emitting time. 
[0002] 

[Prior Art] In a display device such as a plasma display which 
can display only the light -emitting and non-light-emitting 
20 states, the gray level is controlled by controlling the 
light -emitting time in each field. 

[0003] Fig. 6 shows a driving control timing for the DC- type 
plasma display. 

[0004] In Fig. 6, the horizontal direction shows the time and 
25 the vertical direction shows the vertical lines on the screen. 
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When the DC-type plasma display represents 256 gray levels with 
8 "bit display data, one field is divided into eight sub- fields 
SFl to SF8 . Each of the sub-fields SFl to SFB is formed of a sustain 
period (light -emit ting period) and an erase period. The sustain 
5 period of a sub-field is set to 1/2 of the sustain period of the 
preceding sub-field. 
[0005] 

[Problems to be Solved by the Invention] When one field is thus 
divided into eight sub-fields with the one-field period 

10 expressed as To, then the sustain periods tl to tS of the first 
to eighth sub -fields are: (1/8) To, (1/16), To (1/32) To, (1/64) 
To, (1/128), To (1/256) To, (1/512) To, and (1/1024) To. Thus, 
even when light is emitted in the sustain periods of all 
sub-fields, the sum total of the light -emitting times is about 

15 1/4 the one -field period, and there is a problem that high 
luminance cannot be obtained. 

[0006] An object of. the present invention is to provide a driving 
control method for a display device which is capable of 
representing the gray levels of input data in a pseudo manner 
20 and providing high luminance. 
[0007] 

[Means for Solving the Problems] According to a driving control 
method for a display device of the invention , in a driving control 
method for a display device such as a plasma display which can 
25 only display light-emitting and non-light -emitting states and 
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which is driven with one field divided into a plurality of 
sub-fields having different sustain times, the input data is 
error-diffusion-processed to generate display data having a 
smaller number of bits than the input data and capable of 
5 representing the gray level of the input data in a pseudo manner, 
and the display data is supplied to the display device, whereby 
the number of sub-fields in one field can be reduced when the 
display device is driven, 

[0008] For example, the error diffusion processing comprises: 

10 a first step of adding, to input data for a target pixel to be 
processed, in -frame error data from a next pixel on the left side 
of the target pixel; a second step of dividing the added result 
obtained in the first step into in-frame error data which is 
formed of a certain number of low-order bits of the added result 

15 and which is allotted to a next pixel on the right side of the 
target pixel, and inter-frame process data which is formed of 
a certain number of high-order bits thereof; a third step of 
adding, to the inter- frame process data, inter- frame error data 
from a pixel in the previous freime that is located at the same 

20 coordinates as the target pixel; and a fourth step of dividing 
the added result obtained in the third step into display data 
formed of a certain number of high-order bits thereof and 
inter-frame error data which is formed of a certain number of 
low-order bit(s) thereof and which is allotted to a pixel in the 

25 next frame at the same coordinates as the target pixel. 
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[0009] The error diffusion processing is originally a method 
which is used to increase the number of displayable colors; for 
example, this method is used to represent in a pseudo manner the 
full colors (e.g. 262,000 colors or more) in a liquid crystal 
5 panel that can display only 512 colors. In this invention, the 
error diffusion processing is applied to increase the luminance 
in a display device such as a plasma display which, unlike the 
liquid crystal panel, can display only the light-emitting and 
non-light-emitting states; therefore the object of the use of 
10 the error diffusion processing in this invention totally differs 
from the conventional object of the use of. the error diffusion 
processing. 
10010] 

[Embodiment of the Invention] Now, referring to Figs. 1 to 5, 
15 an embodiment of the invention is described. 

[ 0011 ] Fig . 1 shows a driving control circuit for a DC- type plasma 
display. 

[0012] The input image signal is converted into digital image 
data in an A/D converter 1. In this example, the digital image 

20. data is 8-bit data that can represent 256 gray levels. 

[0013] The 8-bit digital image data is then sent to an error 
diffusion processing portion 2. The error diffusion processing 
portion 2 provides, through error diffusion, output data 
(display data) that has a smaller number of bits than the input 

25 data and that can represent the gray level of the input data in 
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a pseudo manner. In this example, the error diffusion processing 
portion 2 converts the 8 -bit input data into 3 -bit display data. 
The details of the processing by the error diffusion processing 
portion 2 will be described later. 
5 [0014] The error diffusion process is originally a method which 
is used to increase the number of displayable colors; for example, 
this method is used to represent in a pseudo manner the full colors 
(e.g. 262,000 colors or more) in a liquid crystal panel that can 
display only 512 colors. (Refer to "Error Diffusion Method Allows 
10 512-color Liquid Crystal Device to Display 1,6700,000 Colors, 
Specialized LSI Development, " Nikkei-Electronics 8/22/1994 (no. 
615), pp. 131-142). 

[0015] The display data obtained by the error display processing 
portion 2 is once stored in the memory 3 and then sent to the 

15 DC-type plasma display device 10. The DC-type plasma display 
device 10 contains a DC -type plasma display and its driving 
circuit. The control circuit 4 supplies control signals, e.g. 
timing signal, to the individual components, of Fig. 1. 
[0016] Fig. 2 shows the procedure of the error diffusion 

20 processing performed by the error diffusion processing portion 
2 . Fig. 3 schematically shows the contents of the error diffusion 
processing by the error diffusion processing portion 2. 
[0017] In Fig. 4, E in the frame n denotes input data for the 
target pixel to be processed. The symbol B in the frame n denotes 

25 an in-frame error signal that is obtained as a result of error 
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diffusion processing to the input data for the next pixel on the 
left side of the target pixel. The symbol C in the frame n denotes 
an in-frame error signal obtained as a result of error diffusion 
processing to the input data E for the target pixel. The symbol 
5 A in the frame (n — 1 ) denotes an inter- frame error signal obtained 
as a result of error diffusion processing to the input data for 
the pixel in the frame (n~l) that is located at the same 
coordinates as the target pixel. The symbol D in the frame (n 
+1) denotes an inter-frame error signal obtained as a result 
10 of error diffusion processing to the input data for the target 
pixel. 

[0018] Referring to Figs. 2 to 4, the error diffusion processing 
by the error diffusion processing portion 2 is now described. 
When image data for the target pixel to be processed in the frame 
15 n (E: 8 bits) is provided as an input, the in-frame error data 
(B: 4 bits) from the next pixel on the left is added to the image 
data (E) (Step 1) . , 

[0019] Then, in the 8 -bit data thus obtained, the low-order 4 
bits are extracted as the in- frame error data (C) that is to be 
20 allotted to the next pixel on the right side of the target pixel 
(Step 2) . 

[0020] Further, the inter-frame error data (A: 1 bit) from the 
pixel in the previous frame (n— 1) that is located at the same 
coordinates as the present target pixel is added to the 
25 high-order 4 bits (inter-frame process data) of the 8-bit data 
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obtained in Step 1 (Step 3). 

[0021] In the 4 -bit data thus obtained, the high-order 3 bits 
are output ted as the display data (G) for the present target pixel 
to be processed and the low-order 1 bit is extracted as the 
5 inter- frame error data (D) to be allotted to the pixel in the 
next frame (n+1) at the same coordinates as the present target 
pixel ( Step 4 ) . 

[0022] That is to say, the 8 -bit input data (E) is outputted as 
the 3 -bit display data (G) . While 3 bits can originally represent 
10 only 8 gray levels., this 3-bit display data can represent 256 
gray levels in a pseudo manner because the 3 -bit display data 
was obtained from 8 -bit data through the error diffusion 
processinig. 

[0023] Fig. 5 shows a DC- type plasma display driving control 
15 method that is based on the 3 -bit display data obtained in the 
error diffusion processing portion 2. 

[0024] In. this case, in correspondence with the number of bits 
of the display data, one field is divided into three sub -fields 
SFl to SF3. Each sub-field is formed of a sustain period and an 

20 erase period. The sustain time of a sub-field is set to be 1/2 
the light -emitting time of the preceding sub-field. 
[0025] When one field period is talcen as To, then the sustain 
period tl of the first sub-field SFl is (1/3) To, the sustain 
period t2 of the second sub-field SF2 is (1/6) To, and the sustain 

25 period t3 of the third sub-field SF3 is (1/12) To; thus, when 
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light is emitted in the sustain periods of all sub-fields, the 
sum total of the light-emitting times is about 0-58 To. That is 
to say, the total light -emitting time is about twice that of the 
conventional example and high luminance is therefore obtained - 
5 [0026] 

[Effects of the Invention] According to the invention, a display 
device driving control method can be obtained which can represent 
the gray levels of the input data in a pseudo. manner and can 
provide high luminance 
10 [Brief Description of the Drawings] 

[Fig. 1] A block diagram showing a driving control circuit for 
a DC -type plasma display. 

[Fig. 2] A flowchart showing the procedure of error diffusion 
processing performed by an error diffusion processing portion. 
15 [Fig. 3] A schematic diagram schematically showing the contents 
of the error diffusion processing by the error diffusion 
processing portion. 

[Fig. 4] A schematic diagram showing data for a target pixel to 
be processed, in-frame error data, and inter- frame error data 
20 which are used in the description of the error diffusion 
processing performed by the error diffusion processing portion. 
[Fig. 5] A time chart showing the driving control timing for the 
DC -type plasma display. 

[Fig. 6] A time chart showing a conventional driving control 
25 timing for the DC -type plasma display. 
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[Description of the Reference Characters] 
1 A/D converter 

2, error diffusion processing portion 
3 memory 
5 4 control circuit 

10 DC -type plasma display device . 
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